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METHOD OF IMPROVING HDP FILL 
PROCESS 

BACKGROUND OF THE INVENTION 

The present invention relates to a method for improving 
dielectric deposition and trench ?ll in semiconductor sub 
strates or layers utilizing high-density plasma chemical 
vapor deposition (HDP-CVD). More particularly, the 
present invention is directed toWard a method and system for 
improving the trench ?ll in shalloW trench isolation (STI) 
structures. 

Electronic devices such as ?eld-effect transistors (FETs) 
are useful in fabricating integrated circuits such as those 
used in memory chips and microprocessors. The FETs used 
in high performance complementary metal oxide semicon 
ductor (CMOS) circuits require advanced isolation tech 
niques for ?lling recessed ?eld oxide regions. One common 
isolation technique is knoWn as local oxidation of silicon 

(LOCOS). 
In LOCOS, a silicon nitride layer is deposited and pat 

terned to leave islands of silicon nitride over on a semicon 
ductor Wafer. Silicon oxide is then groWn on the areas of 
exposed silicon, and the silicon nitride is removed. This 
leaves Wafer surface regions ready for device formation and 
separated by isolating regions of oxide. HoWever, the use of 
LOCOS may cause isolation problems such as the formation 
of a bird’s beak spur that groWs under the edge of the 
blocking silicon nitride layer. This bird’s beak takes up 
surface area, Which is undesirable as circuit areas decrease. 
Additionally, the bird’s beak induces stress damage in the 
silicon during the oxidation step from the mismatch in 
thermal expansion properties betWeen silicon nitride and 
silicon. 
An alternative to LOCOS is shalloW trench isolation 

(STI). STI can solve the bird’s beak problem. STI regions 
are used to isolate structures in semiconductor devices. The 
STI process begins With the formation of islands of nitride. 
A trench etch is then performed to trench the silicon around 
the islands of nitride. The trenches are ?lled With a dielectric 
such as an oxide to provide isolation regions. STI regions 
consume less silicon than other isolation methods. Thus, STI 
alloWs for smaller device geometry, and STI is generally 
used for sub 250 nm devices. Void free trench ?ll of oxides 
in STI trenches is extremely important for providing isola 
tion. HoWever, void free trench ?ll is difficult to achieve in 
STI trenches. 

Chemical vapor deposition (CVD) has been used exten 
sively to deposit dielectric material in trenches. During 
deposition, dielectric material Will collect on the corners of 
the trenches, and overhangs Will form at the corners. These 
overhangs typically groW together faster than the trench is 
?lled, and a void in the dielectric material ?lling the gap is 
created. Many techniques have been utiliZed in attempts to 
solve the trench ?ll problem. 

One technique Which attempts to solve this problem is 
deposition and simultaneous etch back of the dielectric 
layer. This technique may be accomplished using HDP 
CVD. Typically, HDP-CVD is carried out in a process 
chamber, such as an Ultima HDP-CVD® chamber, com 
mercially available from Applied Materials (see US. Pat. 
No. 6,182,602 to Redecker et al.). Precursor gases such as 
silane and oxygen are ?oWed into the chamber along With an 
inert gas that is typically argon. A plasma is formed in a 
reaction Zone proximate to the surface of the substrate by the 
application of radio frequency (RF) energy. The deposition 
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2 
gases disassociate and react to form a silicon dioxide layer. 
The relatively non-reactant inert gas is ioniZed and used to 
etch the silicon dioxide layer during deposition to keep the 
gaps open. The How rates, RF poWer and other parameters 
are typically controlled to produce the desired rate of 
deposition and etch. In this manner, trenches in a semicon 
ductor substrate may be successfully ?lled. HoWever, such 
techniques do not alWays produce a void free trench ?ll. 
Additionally, HDP-CVD processes can cause particles to be 
deposited in the silicon dioxide layer. Particles may be 
deposited in the silicon dioxide layer from contaminants on 
the process chamber Walls or from species that are formed 
in the plasma itself. Such particles are undesirable because 
they mar the smooth surface of the silicon dioxide layer and 
can compromise the insulating properties of the silicon 
dioxide. 

Therefore, there is a need for a method of HDP-CVD that 
can produce a void free trench ?ll for trenches of varying 
depth and Width in semiconductor substrates and layers. 
Additionally, there is a need for a method of HDP-CVD that 
balances the number of particles in the silicon dioxide layer 
With the need for void free gap ?ll. Finally, there is need for 
a method of HDP-CVD that can be successfully integrated 
With STI processes. 

SUMMARY 

This need is met by the present invention that provides a 
method for depositing trench-?lling material and isolation 
structures having substantially void free trench ?ll. This 
method may be used in conjunction With conventional 
processing to provide structures requiring trench ?ll With a 
dielectric. The method is especially useful for shalloW trench 
isolation structures. 

In accordance With one embodiment, a method for ?lling 
a trench in a layer disposed in a process chamber is provided. 
The method comprises: providing a semiconductor layer 
having at least one trench therein; ?oWing a ?rst precursor 
gas and a ?rst inert gas into said process chamber and 
forming a ?rst plasma therein; depositing a ?rst layer of 
trench-?lling material from said ?rst plasma into said at least 
one trench; ?oWing a second precursor gas and second inert 
gas into said process chamber and forming a second plasma 
therein; and depositing a second layer of trench-?lling 
material from said second plasma to substantially ?ll said at 
least one trench. The ?rst inert gas is selected from the group 
consisting of helium, neon, argon, and krypton and combi 
nations thereof, and the second inert gas is selected from the 
group consisting of helium, neon, argon, and krypton and 
combinations thereof. The ?rst and second inert gases are 
typically selected to be different inert gases. The ?rst inert 
gas is generally selected from the group consisting of helium 
and neon and combinations thereof, and the second inert gas 
is generally selected from the group consisting of argon and 
krypton and combinations thereof. The ?rst precursor gas 
generally comprises a silicon precursor and an oxygen 
precursor, and the second precursor gas generally comprises 
a silicon precursor and an oxygen precursor. The trench 
?lling material generally comprises silicon dioxide. The 
layer generally comprises a semiconductor substrate, or the 
layer may comprise silicon. 
The process chamber may be purged of the ?rst inert gas 

after the deposition of the ?rst layer. The purging may be 
accomplished by terminating the ?rst plasma after the depo 
sition of the ?rst layer. Alternatively, the purging may be 
accomplished by forming an oxygen plasma in the deposi 
tion chamber after the deposition of the ?rst layer. In yet 
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another embodiment, the purging may be accomplished by 
venting the ?rst inert gas out of the process chamber after the 
deposition of the ?rst layer. 

Silane and molecular oxygen may comprise the ?rst 
precursor gases. The silane may be ?oWed into the process 
chamber at a How rate of about 1—150 sccm. Molecular 
oxygen may be ?oWed into the process chamber at a How 
rate of about 10—300 sccm, and the ?rst inert gas maybe 
?oWed into the chamber at a How rate of about 1—2000 sccm. 
Typically, the ?rst inert gas Will be ?oWed into the chamber 
at a How rate of about 200 sccm. Silane and molecular 
oxygen may comprise the second precursor gases. Silane 
may be ?oWed into the process chamber at a How rate of 
about 1—150 sccm, and oxygen may be ?oWed into the 
process chamber at a How rate of about 10—300 sccm. The 
second inert gas may be ?oWed into the chamber at a How 
rate of about 1—2000 sccm. Typically, the second inert gas 
Will be ?oWed into the chamber at a How rate of about 200 
sccm. 

In an alternative embodiment, a method for a ?lling a 
trench in a layer comprises providing a semiconductor layer 
having at least one trench therein; placing the semiconductor 
layer in a ?rst process chamber; ?oWing a ?rst precursor gas 
and a ?rst inert gas into the ?rst process chamber and 
forming a ?rst plasma therein, depositing a ?rst layer of 
trench-?lling material from the ?rst plasma into the at least 
one trench; placing the semiconductor layer in a second 
process chamber; ?oWing a second precursor gas and a 
second inert gas into the second process and forming a 
second plasma therein; and depositing a second layer of 
trench-?lling material from the second plasma so as to 
substantially ?ll the at least one gap. The ?rst inert gas is 
selected from the group consisting of helium, neon, argon, 
and krypton and combinations thereof. The second inert gas 
is selected from the group consisting of helium, neon, argon, 
and krypton and combinations thereof. The ?rst inert gas is 
generally selected from the group consisting of helium and 
neon and combinations thereof, and the second inert gas is 
generally selected from the group consisting of argon and 
krypton and combinations thereof. The ?rst and second 
precursor gases may comprise a silicon precursor and an 
oxygen precursor. The trench-?lling material generally com 
prises silicon dioxide. 

Silane and molecular oxygen may comprise the ?rst 
precursor gases. The silane may be ?oWed into the ?rst 
process chamber at a How rate of about 1—150 sccm. 
Molecular oxygen may be ?oWed into the ?rst process 
chamber at a How rate of about 10—300 sccm, and the ?rst 
inert gas may be ?oWed into the ?rst chamber at a How rate 
of about 1—2000 sccm. Typically, the ?rst inert gas Will be 
?oWed into the ?rst chamber at a How rate of about 200 
sccm. Silane and molecular oxygen may comprise the sec 
ond precursor gases. Silane may be ?oWed into the second 
process chamber at a How rate of about 1—150 sccm, and 
oxygen may be ?oWed into the second process chamber at 
a How rate of about 10—350 sccm. The second inert gas may 
be ?oWed into the second chamber at a How rate of about 
1—2000 sccm. Typically, the second inert gas Will be ?oWed 
into the second chamber at a How rate of about 200 sccm. 

One method of forming a silicon dioxide layer ?lling 
trenches in a semiconductor Wafer by HDP-CVD comprises: 
forming a ?rst plasma, Wherein the ?rst plasma contains at 
least a silicon precursor gas, an oxygen precursor gas and a 
?rst inert gas selected from the group consisting of helium, 
neon, argon, and krypton and combinations thereof; expos 
ing the Wafer to the ?rst plasma, Wherein the step of 
exposing said Wafer to said ?rst plasma causes deposition of 
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4 
a ?rst layer of silicon dioxide in said trenches in said Wafer; 
forming a second plasma, Wherein the second plasma con 
tains at least a silicon precursor gas, an oxygen precursor gas 
and a second inert gas selected from the group consisting of 
helium, neon, argon, and krypton and combinations thereof; 
and exposing the Wafer to the second plasma, Wherein the 
step of exposing the Wafer to the second plasma causes 
deposition of a second layer of silicon dioxide substantially 
?lling the trenches in the Wafer. The second inert gas is 
generally selected to be different from the ?rst inert gas. 
Alternatively, the ?rst plasma may be terminated before the 
formation of the second plasma. Additionally, oxygen 
plasma may be formed and then terminated after the Wafer 
is exposed to the ?rst plasma. 

Another method of ?lling trenches in a substrate involves: 
creating a ?rst plasma in a process chamber, Wherein the ?rst 
plasma comprises a silicon precursor gas, an oxygen pre 
cursor gas and a ?rst inert gas selected from the group 
consisting of helium, neon, argon, and krypton and combi 
nations thereof; depositing a ?rst layer of trench-?lling 
material into the trenches in the substrate; purging the 
process chamber of the ?rst inert gas; creating a second 
plasma in the process chamber, Wherein the second plasma 
comprises a silicon precursor gas, an oxygen precursor gas 
and a second inert gas selected from the group consisting of 
helium, neon, argon, and krypton and combinations thereof; 
and depositing a second layer of trench-?lling material 
substantially ?lling the trenches in the substrate. The ?rst 
inert gas is generally selected from the group consisting of 
helium and neon and combinations thereof, and the second 
inert gas is generally selected from the group consisting of 
argon and krypton and combinations thereof. The purging 
may comprise venting the process chamber. Alternatively, 
the purging may comprise creating an oxygen plasma in the 
process chamber after the deposition of the ?rst layer, or the 
purging may comprise terminating the ?rst plasma after the 
deposition of the ?rst layer. 
An alternative method of ?lling trenches in a substrate 

comprises: placing the substrate in a ?rst process chamber; 
creating a ?rst plasma in the ?rst process chamber, Wherein 
the ?rst plasma comprises a silicon precursor gas, an oxygen 
precursor gas and a ?rst inert gas selected from the group 
consisting of helium, neon, argon, and krypton and combi 
nations thereof; depositing a ?rst layer of trench-?lling 
material into the trenches in the substrate; placing the 
substrate in a second process chamber; creating a second 
plasma in the second process chamber, Wherein the second 
plasma comprises a silicon precursor gas, an oxygen pre 
cursor gas and a second inert gas selected from the group 
consisting of helium, neon, argon, and krypton and combi 
nations thereof; and depositing a second layer of trench 
?lling material substantially ?lling the trenches in the sub 
strate. The ?rst inert gas is generally selected from the group 
consisting of helium and neon and combinations thereof, 
and the second inert gas is generally selected from the group 
consisting of argon and krypton and combinations thereof. 
One method of ?lling shalloW trench isolation trenches 

With silicon dioxide involves: providing a semiconductor 
substrate having shalloW trench isolation trenches; placing 
the semiconductor substrate in a process chamber; creating 
a ?rst plasma comprising a silicon precursor gas, an oxygen 
precursor gas and a ?rst inert gas selected from the group 
consisting of helium, neon, argon, and krypton and combi 
nations thereof; depositing a ?rst silicon dioxide layer in the 
shalloW trench isolation trenches; purging the process cham 
ber of the ?rst inert gas; creating a second plasma compris 
ing a silicon precursor gas, an oxygen precursor gas and a 
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second inert gas selected from the group consisting of 
helium, neon, argon, and krypton and combinations thereof; 
and depositing a second silicon dioxide layer substantially 
?lling the shalloW trench isolation trenches. The ?rst inert 
gas is generally selected from the group consisting of helium 
and neon and combinations thereof, and the second inert gas 
is generally selected from the group consisting of argon and 
krypton and combinations thereof. The ?rst and second 
silicon dioxide layers are substantially free of voids. The 
purging may comprise terminating the ?rst plasma after the 
deposition of the ?rst layer, or the purging may comprise 
forming an oxygen plasma in the deposition chamber after 
the deposition of the ?rst layer. Alternatively, the purging 
may comprise venting the ?rst inert gas out of the process 
chamber after the deposition of the ?rst layer. 

In one embodiment, a trench isolation structure formed in 
a semiconductor device is provided. The trench isolation 
structure comprises a semiconductor substrate having a 
plurality of trenches formed in the substrate. A pair of 
sideWalls and a bottom Wall de?nes each of the trenches. 
Each of the trenches is ?lled With a silicon dioxide layer that 
is substantially free of voids. The silicon dioxide layer may 
be deposited by placing the semiconductor substrate in a 
process chamber, creating a ?rst plasma in the process 
chamber, depositing a ?rst layer of silicon dioxide into the 
trench, purging the process chamber of the ?rst inert gas, 
creating a second plasma in said process chamber, and 
depositing a second layer of silicon dioxide substantially 
?lling said trench. The ?rst plasma may comprise a silicon 
precursor gas, an oxygen precursor gas and a ?rst inert gas 
selected from the group consisting of helium, neon, argon, 
and krypton and combinations thereof. The second plasma 
may comprise a silicon precursor gas, an oxygen precursor 
gas and second inert gas selected from the group consisting 
of helium, neon, argon, and krypton and combinations 
thereof. The ?rst inert gas is generally selected from the 
group consisting of helium and neon and combinations 
thereof, and the second inert gas is generally selected from 
the group consisting of argon and krypton and combinations 
thereof. The purging may be accomplished by terminating 
the ?rst plasma, forming an oxygen plasma after the depo 
sition of the ?rst layer, or by venting the process chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic illustration of an exemplary HDP 
CVD system. 

FIG. 2 is a partial cross-sectional vieW shoWing a typical 
trench for a trench isolation region for a semiconductor 
device. 

FIG. 3 is a partial cross-sectional vieW shoWing a ?rst 
layer of trench-?lling material in a trench. 

FIG. 4 is a partial cross-sectional vieW shoWing a second 
layer of trench-?lling material in a trench. 

FIG. 5 is a How diagram of one embodiment of the 
method in accordance With the present invention. 

FIG. 6 is a How diagram of an alternative embodiment of 
the method in accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
PREFFERRED EMBODIMENTS 

The present invention is directed to a method of ?lling 
trench regions in semiconductor devices and devices having 
the ?lled trenches. The method utiliZes a tWo-step deposition 
of dielectric material to produce a ?lled trench substantially 
free of voids. 
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6 
The method of the present invention may be accom 

plished employing commercially available HDP-CVD sys 
tems. One such system is schematically illustrated in FIG. 1. 
Asemiconductor substrate 20 is typically placed in a process 
chamber 21 on a substrate receiving portion 22 through an 
opening 24. The upper portion of the process chamber 21 
generally comprises a dome 26 that de?nes an upper bound 
ary of the plasma processing region 28. Such HDP-CVD 
systems generally include a source plasma system 30 that is 
used to strike a source plasma after gases are ?oWed into the 
process chamber 21. The source plasma system 30 may 
include a top coil 32 and a side coil 34 mounted on the dome 
26. The top coil 32 and the side coil 34 are independently 
poWered by RF source generators 36, 38. The side coil 32 
and top coil 34 couple energy into the chamber inductively. 
Such HDP-CVD systems further include a bias plasma 
system 40 that includes a RF bias generator 42. The bias 
plasma system 40 capacitively couples the substrate receiv 
ing portion 22 to a body member 44 and enhances the 
transport of plasma species created by the source plasma 
system 30 to the surface of the substrate 20. 

Such HDP-CVD systems generally have a gas delivery 
system that includes a plurality of gas sources 46. The gases 
are introduced into the process chamber 21 through gas 
delivery lines 48 to a plurality of noZZles 50, 52, 54. 
Generally, the gases are introduced to a gas ring 56 having 
a plurality of noZZles of Which only tWo 50 and 52 are 
shoWn. The gas ring 56 is generally located on the side of the 
process chamber 21. Additionally, another noZZle or noZZles 
54 may be placed at the top of the process chamber 21. The 
gas delivery lines 48 may have valves 58a, 58b that alloW 
the ?oW of gas to be controlled or vented. Generally, such 
HDP-CVD systems are controlled by a system controller 60 
that includes a processor 62. For example, an Ultima HDP 
CVD® system available commercially from Applied Mate 
rials incorporates many of the above features and may be 
con?gured to practice the present invention. 

FIG. 2 shoWs a semiconductor substrate 10 having a 
trench 12 therein. As used herein, the term “semiconductor 
substrate” is de?ned to mean any construction comprising 
semiconductive material, including but not limited to bulk 
semiconductive material such as a semiconductive Wafer, 
either alone or in assemblies comprising other materials 
thereon, and semiconductive material layers, either alone or 
in assemblies comprising other materials. The term “sub 
strate” refers to any supporting structure including but not 
limited to the semiconductor substrates described above. 
Semiconductor substrate 10 is typically made of silicon or 
other semiconductive materials. Trench 12 may be formed in 
semiconductor substrate 10 by any process knoWn to those 
skilled in the art. Typically, trench 12 is formed in semi 
conductor substrate 10 by a STI trench method. Trench 12 
is generally formed to isolate a semiconductor structure 
from an adjacent semiconductor structure (not shoWn). 

Referring to FIG. 2, trench 12 is ?lled With a ?rst layer of 
trench-?lling material 14. The layer of trench-?lling mate 
rial 14 is deposited as discussed hereafter. The trench-?lling 
material 14 generally comprises a dielectric material. 
Typically, the trench-?lling material 14 Will comprise silicon 
dioxide. The ?rst layer of trench-?lling material is deposited 
so as to partially ?ll the trench 12. The trench-?lling material 
generally is deposited along the bottom of the trench 12 and 
on the sideWalls of the trench 12. Additionally, the trench 
?lling material 14 may be deposited on the surface of the 
semiconductor substrate 10 or other features (not shoWn) 
around trench 12. The top of the trench 12 is left open after 
the deposition of the trench ?lling material 14. 
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Referring to FIG. 3, a second layer of trench-?lling 
material 16 is deposited to substantially ?ll trench 12. The 
second layer of trench-?lling material 16 is deposited as 
hereafter described. The trench-?lling material 16 generally 
comprises a dielectric material, and the second layer 16 
generally comprises silicon dioxide. The second layer 16 
may also be deposited over the layer of trench-?lling mate 
rial 14 covering the surface of the semiconductor substrate 
10. The second layer 16 generally provides a trench ?ll that 
is substantially free of voids. 

Referring to FIGS. 2, 3 and 4, one embodiment of the 
method includes the step 202 of positioning the semicon 
ductor substrate in a process chamber. The semiconductor 
substrate 10 generally has at least one trench 12 therein. 
Subsequent to step 202, a ?rst precursor gas and a ?rst inert 
gas are ?oWed into the process chamber in step 204. 
Generally, the ?rst precursor gas Will comprise a silicon 
precursor gas and an oxygen precursor gas. The silicon 
precursor gas may comprise silane, disilane and other simple 
gases containing silicon. Typically, the ?rst precursor gas 
Will comprise silane and molecular oxygen. The ?rst inert 
gas is selected from the group consisting of helium, neon, 
argon, krypton and combinations thereof. Typically, the ?rst 
inert gas Will be selected from the group consisting of neon, 
helium and combinations thereof, and the ?rst inert gas is 
most typically neon. The ?rst inert gas does not chemically 
react With the precursor gases. HoWever, the ?rst inert gas is 
ioniZed during the formation of the plasma and etches 
material that is deposited in subsequent step 206. 
When silane and molecular oxygen are used as the 

precursor gases in an HDP-CVD system, the How rate of 
silane into the process chamber is generally about 1—150 
standard cubic centimeters per minute (sccm) for the top 
noZZle and about 1—150 sccm for the gas ring. Typically, the 
How rate of silane Will be about 28 sccm for the gas ring and 
about 6.75 sccm for the top noZZle. The How rate of 
molecular oxygen into the process chamber is generally 
about 10—300 sccm for the gas ring. More typically, the How 
rate of molecular oxygen Will be about 75 sccm for the gas 
ring. The How rate of the ?rst inert gas is generally about 
1—2000 sccm for the gas ring. Typically, the How rate of the 
?rst inert gas is about 200 sccm for the gas ring. 

In step 206, a ?rst plasma is formed in the process 
chamber. In an HDP-CVD system, the RF poWer generally 
supplied during the formation of the ?rst plasma is about 
0—5000 W for the top coil, 0—3500 W for the side coil, and 
200—1200 W for the bias. Typically, the RF poWer is about 
4800 W for the top coil, about 2000 W for the side coil, and 
about 900 W for the bias. A ?rst trench-?lling layer 14 is 
deposited in the trench 12 in step 208 from the ?rst precursor 
gas. The ?rst trench-?lling layer 14 generally comprises a 
dielectric that is typically silicon dioxide. During deposition 
of the ?rst trench-?lling layer 14, the ?rst inert gas becomes 
ioniZed and a ?rst etch is performed that directionally etches 
the silicon dioxide as it is being deposited. In this manner, 
the top of the trench 12 does not become pinched off by 
deposited material and a second layer 16 may be deposited 
in the trench 12. Typically, helium or neon gas Will be used 
as the ?rst inert gas. The helium and neon gases have 
relatively high ioniZation energies and loW atomic masses. 
Therefore, the ?rst etch has a loW rate of sputtering or 
etching of the silicon dioxide When helium or neon gas is 
used. Generally, the trench 12 is ?lled to about half its depth 
during the deposition of the ?rst trench-?lling layer 14. 

Subsequent to step 208, an optional purge step 210 is 
generally performed prior to the introduction of the second 
precursor and inert gases in step 212. The purge in step 210 
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8 
is generally performed to prevent the direct mixing of the 
?rst inert gas With the second inert gas from step 212. 
Although the ?rst and second precursor gases may be the 
same, the ?rst and second inert gases are different inert 
gases. It is desirable to prevent the direct mixing of the ?rst 
and second inert gases because feWer particles are deposited 
in the trench-?lling material that ?lls the trench 12 if the 
process chamber is purged prior to step 212. Particles may 
be deposited in the ?lm from the Walls of the process 
chamber or from the plasma itself. Particles may be metals 
from the dome or Wall of the process chamber or polymers 
formed in the plasma. Particles in the trench-?lling material 
are undesirable because they introduce impurities into the 
?lm and may reduce the insulating properties of the dielec 
tric. HoWever, the particles generally cannot be entirely 
eliminated, and conditions are adjusted to keep the particle 
counts loW While still achieving substantially void free ?ll of 
trench 12. 
The purging may be accomplished in several Ways. The 

process chamber may be purged of the ?rst inert gas by 
performing a no poWer purge. The no poWer purge is 
accomplished by terminating the ?rst plasma formed in step 
206 after the deposition of the ?rst trench-?lling layer 14. 
After the plasma is terminated, a suf?cient amount of time 
is alloWed to pass before the introduction of the gases in step 
212 to minimiZe the amount of direct mixing of the ?rst inert 
gas With the second inert gas from step 212. Generally, the 
plasma Will be terminated for from about one second to 
about sixty seconds. Typically the plasma Will be terminated 
for from about one to about ten seconds. 

The purge in step 210 may alternatively be performed by 
forming an oxygen plasma in the process chamber subse 
quent to the deposition of the ?rst trench-?lling layer in step 
208. The presence of the oxygen plasma purges the process 
chamber of the ?rst inert gas, and the formation of an oxygen 
plasma maintains the temperature of the semiconductor 
substrate 10 during processing. The oxygen plasma may be 
formed by ?oWing molecular oxygen gas into the process 
chamber and applying RF side and top coil poWer. 
Generally, the oxygen plasma Will be formed for from about 
one second to about sixty seconds. Typically the oxygen 
plasma Will be formed for from about one to about ten 
seconds. 

In an alternative embodiment, the purge in step 210 is 
accomplished by venting the process chamber after the 
deposition of the ?rst trench-?lling layer in step 208. The 
venting may be accomplished by venting the process cham 
ber to the air or by removing the semiconductor substrate 
from the process chamber and then placing the semiconduc 
tor substrate back in the process chamber prior to step 212. 
Again, the venting of the chamber prevents the direct mixing 
of the ?rst inert gas With the second inert gas from step 212. 
A second precursor gas and a second inert gas are ?oWed 

into the process chamber in step 212. Generally, the second 
precursor gas Will comprise a silicon precursor gas and an 
oxygen precursor gas. The silicon precursor gas may be 
silane or disilane. Typically, the second precursor gas Will 
comprise silane and molecular oxygen. Thus, the ?rst and 
second precursor gases may be the same. HoWever, the ?rst 
and second precursor gases may comprise different precur 
sor gases. The second inert gas is selected from the group 
consisting of helium, neon, argon, and krypton and combi 
nations thereof. The second inert gas is typically selected to 
be a different inert gas than the ?rst inert gas. Typically, the 
second inert gas Will be selected from the group consisting 
of argon and krypton and combinations thereof. More 
typically, the second inert gas is argon. The second inert gas 
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does not chemically react With the precursor gases. 
However, second inert gas is ionized during the formation of 
the plasma and etches material that is deposited in subse 
quent step 216. 
When silane and molecular oxygen are used as the second 

precursor gases in an HDP-CVD system, the How rate of 
silane into the process chamber is generally about 1—150 
sccm for the gas ring and about 1—150 sccm for the top 
noZZle. Typically, the How rate of silane Will be about 28 
sccm for the gas ring and about 6.75 sccm for the top noZZle. 
The How rate of molecular oxygen into the process chamber 
is generally about 10—300 sccm for the gas ring. More 
typically, the How rate of molecular oxygen Will be about 75 
sccm for the gas ring. The How rate of the second inert gas 
is generally about 1—2000 sccm for the gas ring. Typically, 
the How rate of the second inert gas is about 200 sccm for 
the gas ring. 

After step 212, a second plasma is formed in the process 
chamber in step 214. Generally, the RF poWer supplied in a 
HDP-CVD system during the formation of the second 
plasma is about 0—5000 W for the top coil, 0—3500 W for the 
side coil, and 200—1200 W for the bias. Typically, the RF 
poWer is about 4800 W for the top coil, about 2000 W for the 
side coil, and about 900 W for the bias. Once the plasma has 
been struck by the application of the RF poWer, a second 
trench-?lling layer 16 is deposited in the trench 10 in step 
216 from the precursor gases. The second trench-?lling layer 
is a dielectric. Typically, the second trench-?lling layer 
comprises silicon dioxide. During the deposition of the 
second trench-?lling layer 16, the second inert gas becomes 
ioniZed and etches the silicon dioxide. This keeps the top of 
the trench 12 open, and alloWs for a substantially void-free 
gap ?ll. Typically, argon or krypton Will be selected as the 
second inert gas. Argon and krypton have loWer ioniZation 
energies than helium or neon, and argon and krypton have 
higher atomic masses than helium or neon. Therefore, the 
etch performed during step 216 using krypton or argon has 
a higher rate of sputtering or etch than the etch performed 
during step 208 using helium or neon. 

Referring to FIGS. 2, 3, and 5, an alternative method 
according to another embodiment of the invention includes 
the step 302 of positioning a substrate having at least one 
trench in a ?rst process chamber. A?rst precursor gas and a 
?rst inert gas are ?oWed into the ?rst process chamber in 
step 304, and a ?rst plasma is formed in the ?rst process 
chamber in step 306. The ?rst precursor gas is generally a 
silicon precursor gas and an oxygen precursor gas. More 
typically, the ?rst precursor gas comprises silane and 
molecular oxygen. The ?rst inert gas is selected from the 
group consisting of helium, neon, argon, krypton and com 
binations thereof. Typically, the ?rst inert gas Will be 
selected from the group consisting of neon, helium and 
combinations thereof, and the ?rst inert gas is most typically 
neon. When an HDP-CVD system is used, the How rates of 
the silane, molecular oxygen, and the ?rst inert gas are those 
described in connection With step 204, and the RF poWers 
are those described in connection With step 206. A ?rst 
trench-?lling layer 14 is deposited in the trenches 12 in step 
308. The trench-?lling layer is a dielectric that generally 
comprises silicon dioxide. 

The substrate is then removed from the ?rst process 
chamber and positioned in a second process chamber in step 
310, and a second precursor gas and a second inert gas are 
?oWed into the second process chamber in step 312. The 
second precursor gas is generally a silicon precursor gas and 
an oxygen precursor gas. More typically, second precursor 
gas comprises silane and molecular oxygen. The second 

10 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

10 
inert gas is selected from the group consisting of helium, 
neon, argon, and krypton and combinations thereof. The 
second inert gas is typically selected to be a different inert 
gas than the ?rst inert gas. Typically, the second inert gas 
Will be selected from the group consisting of argon and 
krypton and combinations thereof. More typically, the sec 
ond inert gas is argon. A second plasma is formed in the 
second process chamber in step 314, and a second trench 
?lling layer 16 is deposited in step 316. In an HDP-CVD 
system, the How rates of silane, molecular oxygen, and the 
second precursor gas are those described in connection With 
step 212. The RF energies that are applied to strike the 
plasma are those described in connection With step 214. The 
second trench-?lling layer 16 is a dielectric, and the dielec 
tric is generally silicon dioxide. The step 310 of positioning 
the substrate in a second process chamber prevents the ?rst 
and second inert gases from mixing, and the particle count 
in the dielectric layer is thus reduced. 

EXAMPLE 1 

A silicon dioxide ?lm Was deposited in shalloW trench 
isolation trenches in accordance With the present invention 
using an Applied Ultima HDP-CVD® system. The ?rst 
precursor gas Was a silane gas and a molecular oxygen gas. 
The ?rst inert gas Was neon. During deposition of the ?rst 
silicon dioxide layer, the How rate of silane Was 28 sccm for 
the gas ring and 6.75 sccm for the top noZZle. The How rate 
of molecular oxygen into the process chamber Was 75 sccm 
for the gas ring, and the How rate of neon Was 200 sccm for 
the gas ring. The RF poWer Was 4800 W for the top coil, 
2000 W for the side coil, and 900 W for the bias. 

The second precursor gas Was a silane gas and a molecular 
oxygen gas. The second inert gas Was argon. During depo 
sition of the second silicon dioxide layer, the How rate of 
silane Was 28 sccm for the gas ring and 6.75 sccm for the top 
noZZle. The How rate of molecular oxygen into the process 
chamber Was 75 sccm for the gas ring, and the How rate of 
argon Was 200 sccm for the gas ring. The RF poWer Was 
4800 W for the top coil, 2000 W for the side coil, and 900 
W for the bias. No purge Was performed. The particle count, 
as measured using a laser system, Was a total of 1754 
particles larger than 0.1 pm. 

EXAMPLE 2 

A silicon dioxide ?lm Was deposited in shalloW trench 
isolation trenches in accordance With the present invention 
using an Applied Ultima HDP-CVD® system. The ?rst 
precursor gas Was a silane gas and a molecular oxygen gas. 
The ?rst inert gas Was neon. During the formation of the ?rst 
plasma and deposition of the ?rst silicon dioxide layer, the 
How rate of silane Was 28 sccm for the gas ring and 6.75 
sccm for the top noZZle. The How rate of molecular oxygen 
into the process chamber Was 75 sccm for the gas ring, and 
the How rate of neon Was 200 sccm for the gas ring. The RF 
poWer Was 4800 W for the top coil, 2000 W for the side coil, 
and 900 W for the bias. 
A no poWer purge Was performed after the deposition of 

the ?rst layer during Which the ?rst plasma Was terminated 
for ten seconds. 

The second precursor gas Was a silane gas and a molecular 
oxygen gas. The second inert gas Was argon. During the 
formation of the second plasma and deposition of the second 
silicon dioxide layer, the How rate of silane Was 28 sccm for 
the gas ring and 6.75 sccm for the top noZZle. The How rate 
of molecular oxygen into the process chamber Was 75 sccm 
for the gas ring, and the How rate of argon Was 200 sccm for 
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the gas ring. The RF power Was 4800 W for the top coil, 
2000 W for the side coil, and 900 W for the bias. The particle 
count, as measured using a laser system, Was 258 particles 
larger than 0.1 pm. 

It Will be obvious to those skilled in the art that various 
changes may be made Without departing from the scope of 
the invention, Which is not to be considered limited to What 
is described in the speci?cation. 
What is claimed is: 
1. A method for ?lling a trench in a layer disposed in a 

process chamber comprising: 
providing a semiconductor layer having at least one 

trench therein; 
?oWing a ?rst precursor gas and a ?rst inert gas into said 

process chamber and forming a ?rst plasma therein, 
herein said ?rst inert gas is selected from the group 
consisting of helium, neon, argon, and krypton and 
combinations thereof; 

depositing a ?rst layer of trench-?lling material from said 
?rst plasma into said at least one trench; 

?oWing a second precursor gas and second inert gas into 
said process chamber and forming a second plasma 
therein, Wherein said second inert gas is selected from 
the group consisting of helium, neon, argon, and kryp 
ton and combinations thereof; and 

depositing a second layer of trench-?lling material from 
said second plasma to substantially ?ll said at least one 
trench, Wherein said ?rst layer of trench-?lling material 
is not etched prior to depositing said second layer of 
trench-?lling material. 

2. The method as claimed in claim 1 Wherein said ?rst and 
second inert gases are selected to be different inert gases. 

3. The method as claimed in claim 1 Wherein said ?rst 
inert gas is selected from the group consisting of helium and 
neon and combinations thereof, and Wherein said second 
inert gas is selected from the group consisting of argon and 
krypton and combinations thereof. 

4. The method as claimed in claim 1 Wherein said layer 
comprises a semiconductor substrate. 

5. The method as claimed in claim 1 Wherein said layer 
comprises silicon. 

6. The method as claimed in claim 1 Wherein said ?rst and 
second precursor gas comprises a silicon precursor gas and 
an oxygen precursor gas end Wherein said trench ?lling 
material comprise silicon dioxide. 

7. The method as claimed in claim 1 further comprising 
purging said process chamber of said ?rst inert gas after said 
deposition of said ?rst layer. 

8. The method as claimed in claim 7 Wherein said step of 
purging comprises terminating said ?rst plasma after said 
deposition of said ?rst layer. 

9. The method as claimed in claim 7 Wherein said step of 
purging comprises forming an oxygen plasma in said depo 
sition chamber after said deposition of said ?rst layer. 

10. The method as claimed in claim 7 Wherein said step 
of purging comprises venting said ?rst inert gas out of said 
process chamber after said deposition of said ?rst layer. 

11. A method for a ?lling a trench in a layer comprising: 
providing a semiconductor layer having at least one, 

trench therein; 
placing said semiconductor layer in a ?rst process cham 

ber; 
?oWing a ?rst precursor as and a ?rst inert gas into said 

?rst process chamber and forming a ?rst plasma 
therein, Wherein said ?rst inert gas is selected from the 
group consisting of helium, neon, argon, and krypton 
and combinations thereof; 
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12 
depositing a ?rst layer of trench-?lling material from said 

?rst plasma into said at least one trench; 

placing said semiconductor layer in a second process 
chamber; 

?oWing a second precursor gas and a second inert gas into 
said second process and forming a second plasma 
therein, Wherein said second inert gas is selected from 
the group consisting of helium, neon, argon, and kryp 
ton and combinations thereof; and 

depositing a second layer of trench-?lling material from 
said second plasma so as to substantially ?ll said at 
least one gap. 

12. The method as claimed in claim 11 Wherein said ?rst 
inert gas is selected from the group consisting of helium and 
neon and combinations thereof, and Wherein said second 
inert gas is selected from the group consisting of argon and 
krypton and combinations thereof. 

13. The method as claimed in claim 11 Wherein said ?rst 
and second precursor gas comprises a silicon precursor gas 
and an oxygen precursor gas and Wherein said trench-?lling 
material comprises silicon dioxide. 

14. A method for ?lling a trench in a substrate disposed in 
a process chamber comprising: 

providing a semiconductor substrate having at least one 
trench therein; 

?oWing a ?rst precursor as comprising a silicon precursor 
gas and an oxygen precursor gas and a ?rst inert as into 
said process chamber and forming a ?rst plasma 
therein, Wherein said ?rst inert as is selected from the 
group consisting of helium, neon, argon, and krypton 
and combinations thereof; 

depositing a ?rst layer of silicon dioxide from said ?rst 
plasma into said at least one trench; 

purging said process chamber of said ?rst inert gas by 
terminating said ?rst plasma after said deposition of 
said ?rst layer; 

?oWing a second precursor gas comprising a silicon 
precursor gas and an oxygen precursor gas and a 
second inert gas into said process chamber and forming 
a second plasma therein, Wherein said second inert gas 
is selected from the group consisting of helium, neon, 
argon, and krypton and combinations thereof; and 

depositing a second layer of silicon dioxide from said 
second plasma to substantially ?ll said at least on 
trench. 

15. The method as claimed in claim 14 Wherein said ?rst 
inert gas is selected from the group consisting of helium and 
neon and combinations thereof, and Wherein said second 
inert gas is selected from the group consisting of argon and 
krypton and combinations thereof. 

16. A method for ?lling a trench in a substrate disposed in 
a process chamber comprising: 

providing a semiconductor substrate having at least one 
trench therein; 

?oWing a ?rst precursor as comprising a silicon precursor 
gas and an oxygen precursor gas and a ?rst inert gas 
into said process chamber and forming a ?rst plasma 
therein, Wherein said ?rst inert as is selected from the 
group consisting of helium, neon, argon, and krypton 
and combinations thereof; 

depositing a ?rst layer of silicon dioxide from said ?rst 
plasma into said at least one trench; 

purging said process chamber of said ?rst inert gas by 
forming an oxygen plasma in said process chamber 
after said deposition of said ?rst layer; 
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?owing a second precursor gas comprising a silicon 
precursor gas and an oxygen precursor gas and a 
second inert gas into said process chamber and forming 
a second plasma therein, Wherein said second inert gas 
is selected from the group consisting of helium, neon, 
argon, and krypton and combinations thereof; and 

depositing a second layer of silicon dioxide from said 
second plasma to substantially ?ll said at least one 
trench. 

17. The method as claimed in claim 16 Wherein said ?rst 
inert gas is selected from the group consisting of helium and 
neon and combinations thereof, and Wherein said second 
inert gas is from the group consisting of argon and krypton 
and combinations thereof. 

18. A method for ?lling a trench in a substrate disposed in 
a process chamber comprising: 

providing a semiconductor substrate having at least one 
trench therein; 

?oWing a ?rst precursor gas comprising a silicon precur 
sor gas and an oxygen precursor gas and a ?rst inert gas 
into said process chamber and forming a ?rst plasma 
therein, Wherein said ?rst inert as is selected from the 
group consisting of helium, neon, argon, and krypton 
and combinations thereof; 

depositing a ?rst layer of silicon dioxide from said ?rst 
plasma into said at least one trench; 

purging said process chamber of said ?rst inert gas by 
venting said ?rst inert gas out of said process chamber; 

?oWing a second precursor gas comprising a silicon 
precursor gas and an oxygen precursor gas and a 
second inert into said process chamber and forming a 
second plasma therein, Wherein said second inert gas is 
selected from the group consisting of helium, neon, 
argon, and krypton and combinations thereof; and 

depositing a second lay of silicon dioxide from said 
second plasma to substantially ?ll said at least on 
trench. 

19. The method as claimed in claim 18 Wherein said ?rst 
inert gas is selected from the group consisting of helium and 
neon and combinations thereof, and Wherein said second 
inert gas is selected from the group consisting of argon and 
krypton and combinations thereof. 

20. A method for ?lm a trench in a substrate comprising: 
providing a semiconductor substrate having at least one 

trench therein; 
placing said semiconductor substrate in a ?rst process 

chamber; 
?oWing a ?rst precursor gas comprising a silicon precur 

sor gas and an oxygen precursor gas and a ?rst inert gas 
into said ?rst process chamber and forming a ?rst 
plasma therein, Wherein said ?rst inert gas is selected 
from the group consisting of helium, neon, argon, and 
krypton and combinations thereof; 

depositing a ?rst layer of silicon dioxide from said ?rst 
plasma into said at least one trench; 

placing said semiconductor substrate in a second process 
chambe; 

?oWing a second precursor gas comprising a silicon 
precursor gas and an oxygen precursor gas and a 
second inert gas into said second process chamber and 
forming a second plasma therein, Wherein said second 
inert gas comprises helium, neon, argon, and krypton 
and combinations thereof; and 

depositing a second layer of silicon dioxide from said 
second plasma to substantially ?ll said at least on 
trench. 
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21. The method as claimed in claim 20 Wherein said ?rst 

inert gas is selected from the group consisting of helium and 
neon and combinations thereof, and Wherein said second 
inert gas is selected from the group consisting of argon and 
krypton and combinations thereof. 

22. A method for ?lling a trench in a substrate disposed in 
a process chamber comprising: 

providing a semiconductor substrate having at least one 
trench therein; 

?oWing a ?rst precursor gas comprising silane and 
molecular oxygen and a ?rst inert gas selected from the 
group consisting of helium and neon and combinations 
thereof into said process chamber, Wherein said silane 
is ?oWed into said process chamber at a How rate of 
about 1—150 sccm, said molecular oxygen is ?oWed 
into said process chamber at a How rate of about 
10—300 sccm and said ?rst inert gas is ?oWed into said 
chamber at a How rate of about 1—2000 sccm; 

forming a ?rst plasma in said process chamber; 
depositing a ?rst layer of silicon dioxide from said ?rst 

plasma into said at least one trench; 
purging said ?rst inert gas from said process chamber by 

terminating said ?rst plasma after said deposition of 
said ?rst layer; 

?oWing a second precursor gas comprising silane and 
molecular oxygen and a second inert gas selected from 
the group consisting of argon and krypton and combi 
nations thereof into said process chamber, Wherein said 
silane is ?oWed into said process chamber at a How rate 
of about 1—150 sccm, said oxygen is ?oWed into said 
process chamber at a ?aw rate of about 10—300 sccm 
and said second inert gas is ?oWed into said chamber at 
a How rate of about 1—2000 sccm; 

forming a second plasma in said process chamber; and 
depositing a second layer of silicon dioxide from said 

second plasma to substantially ?ll said at least one 
trench. 

23. The method as claimed in claim 22 Wherein said ?rst 
inert gas is ?oWed into said chamber at a rate of about 200 
sccm and said second inert gas is ?oWed into said chamber 
at a rate of about 200 sccm. 

24. A method for ?lling a trench in a substrate disposed in 
a process chamber comprising: 

providing a semiconductor substrate having at least one 
trench therein; 

?oWing a ?rst precursor gas comprising silane and 
molecular oxygen and a ?rst inert gas selected from the 
group consisting of helium and neon and combinations 
thereof into said process chamber, Wherein said silane 
is ?oWed into said process chamber at a How rate of 
about 1—150 sccm, said molecular oxygen is ?oWed 
into said process chamber at a How rate of about 
10—300 sccm and said ?rst inert gas is ?oWed into said 
chamber at a How rate about 1—2000 sccm; 

forming a ?rst plasma in said process chamber; 
depositing a ?rst layer of SIO2 from said ?rst plasma into 

said at least one trench; 
purging said ?rst inert gas from said process chamber by 

forming an oxygen plasma in said process chamber 
after said deposition of said ?rst layer; 

?oWing a second precursor gas comprising silane and 
molecular oxygen and a second inert gas selected from 
a group consisting of argon and krypton and combina 
tions thereof into said process chamber, Wherein said 
silane is ?oWed into said process chamber at a How rate 
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of about 1—150 sccm, said molecular oxygen is ?oWed 
into said process chamber at a How rate of about 
10—300 sccm and said second inert gas is ?oWed into 
said chamber at a How rate of about 1—2000 sccm; 

forming a second plasma in said process chamber; and 
depositing a second layer of silicon dioxide from said 

second plasma to substantially ?ll said at least on 
trench. 

25. The method as claimed in claim 24 Wherein said ?rst 
inert gas is ?oWed into said chamber at a rate of a out 200 
sccm and said second inert gas is ?oWed into said chamber 
at a rate of about 200 sccm. 

26. A method for ?lling a trench a substrate disposed in a 
process chamber comprising: 

providing a semiconductor substrate having at least one 
trench therein; 

?oWing a ?rst precursor gas comprising silane and oxygen 
and a ?rst inert gas selected from the group consisting 
of helium and neon and combinations thereof into said 
process chamber, Wherein said silane is ?oWed into said 
process chamber at a How rate of about 1—150 sccm, 
said oxygen is ?oWed into said process chamber at a 
How rate of about 10—300 sccm and said ?rst inert gas 
is ?oWed into said chamber at a How rats of about 
1—2000 sccm; 

forming a ?rst plasma in said process chamber; 
depositing a ?rst layer of silicon dioxide from said ?rst 

plasma into said at least one trench; 
purging said ?rst inert gas from said process chamber by 

venting said ?rst inert gas from said process chamber 
after said deposition of said ?rst layer; 

?oWing a second precursor gas comprising silane and 
molecular oxygen and a second inert gas selected from 
the group consisting of argon and krypton and combi 
nations thereof into said process chamber, Wherein said 
silane is ?oWed into said process chamber at a How rate 
of about 1—150 sccm, said molecular oxygen is ?oWed 
into said process chamber at a How rate of about 
10—300 sccm and said second inert gas is ?oWed into 
said chamber at a How rate of about 1—2000 sccm; 

forming a second plasma in said process chamber; and 
depositing a second lay of silicon dioxide from said 

second plasma to substantially ?ll said at least on 
trench. 

27. The method as claimed in claim 26 Wherein said ?rst 
inert gas is ?oWed into said chamber at a rate of about 200 
sccm and said second inert gas is ?oWed into said chamber 
at a rate of about 200 sccm. 

28. Amethod for ?lling a trench in a substrate comprising: 
providing a semiconductor substrate having at least one 

trench therein; 
placing said semiconductor substrate in a ?rst process 

chamber, 
?oWing a ?rst precursor gas comprising silane and 

molecular oxygen and a ?rst inert gas selected from the 
group consisting of helium and neon end combinations 
thereof into said ?rst process chamber, Wherein said 
silane is ?oWed into said process chamber at a How rate 
of about 1—150 sccm, said molecular oxygen is ?oWed 
into said process chamber at a How rate of about 
10—300 sccm and said ?rst inert gas is ?oWed into said 
chamber at a How rate of about 1—2000 sccm; 

forming a ?rst plasma in said ?rst process chamber, 
depositing a ?rst layer of silicon dioxide from said ?rst 

plasma into said at least one trench; 
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placing said semiconductor substrate in a second process 

chamber; 
?oWing a second precursor gas comprising silane and 

molecular oxygen and a second inert gas consisting of 
argon and krypton and combinations thereof into said 
second process chamber, Wherein said silane is ?oWed 
into said process chamber at a How rate of about 1—150 
sccm, said molecular oxygen is ?oWed into said pro 
cess chamber at a How rate of about 10—300 sccm and 
said second inert gas is ?oWed into said chamber at a 
How rate of about 1—2000 sccm; 

forming a second plasma in said second process chamber; 
and 

depositing a second layer of silicon dioxide from said 
second plasma to substantially ?ll said at least on 
trench. 

29. The method as claimed in claim 28 Wherein said ?rst 
inert gas is ?oWed into said ?rst chamber at a rate about 200 
sccm and said second inert gas is ?oWed into said second 
chamber at a rate of about 200 sccm. 

30. A method of forming a silicon dioxide layer ?lling 
trenches in a semiconductor Wafer by HDP-CVD compris 
ing: 

forming a ?rst plasma, Wherein said ?rst plasma contains 
at least a silicon precursor gas, an oxygen precursor gas 
and a ?rst inert gas selected from the group consisting 
of helium, neon, argon, and krypton and combinations 
thereof; 

exposing said Wafer to said ?rst plasma, Wherein said step 
of exposing said Wafer to said ?rst plasma cause 
deposition of a ?rst layer of silicon dioxide in said 
trenches in said Wafer; 

forming a second plasma, Wherein said second plasma 
contains at least a silicon precursor gas, an oxygen 
precursor gas and a second inert gas selected from the 
group consisting of helium, neon, argon, and krypton 
and combinations thereof, Wherein said second inert 
gas is selected to different from said ?rst inert gas; and 

exposing said Water to said second plasma, Wherein said 
step of exposing said Wafer to said second plasma cases 
deposition of a second layer of silicon dioxide substan 
tially ?lling said trenches in said Wafer, and Wherein 
said ?rst layer of silicon dioxide is not etched prior to 
exposing said Wafer to said second plasma. 

31. A method of forming a silicon dioxide layer ?lling 
trenches in a semiconductor Wafer by HDP-CVD compris 
ing: 

forming a ?rst plasma, Wherein said ?rst plasma contains 
at least a silicon precursor gas, an oxygen precursor gas 
and a ?rst inert gas selected from the group consisting 
of helium, neon, argon, and krypton and combinations 
thereof; 

exposing said Wafer to said ?rst plasma, Wherein said step 
of exposing said Wafer to said ?rst plasma causes 
deposition of a ?rst layer of silicon dioxide in said 
trenches in said Wafer; 

terminating said ?rst plasma; 
forming a second plasma after said termination of said 

?rst plasma, Wherein said second plasma contains at 
least a silicon precursor gas, an oxygen precursor gas 
and a second inert gas selected from the group con 
sisting of helium, neon, argon, and krypton and com 
binations thereof, Wherein said second inert gas is 
selected to be different from said ?rst inert gas; and 

exposing said Wafer to said second plasma, Wherein said 
step of exposing said Wafer to said second plasma 



US 6,777,308 B2 
17 

causes deposition of a second layer of silicon dioxide 
substantially ?lling said trenches in said Wafer. 

32. A method of forming a silicon dioxide layer ?lling 
trenches in a semiconductor Wafer by HDP-CVD compris 
ing: 

forming a ?rst plasma, Wherein, said ?rst plasma contains 
at least a silicon precursor gas, an oxygen precursor gas 
and a ?rst inert gas selected from the group consisting 
of helium, neon, argon, and krypton and combinations 
thereof; 

exposing said Wafer to said ?rst plasma, Wherein said step 
of exposing said Wafer to said ?rst plasma causes 
deposition of a ?rst layer of silicon dioxide in said 
trenches in said Wafer; 

forming an oxygen plasma; 
terminating said oxygen plasma; 
forming a second plasma after said termination of said 

oxygen plasma, Wherein said second plasma contains at 
least a silicon precursor gas, an oxygen precursor gas 
and a second inert gas selected from the group con 
sisting of helium, neon, argon, and krypton and com 
binations thereof, Wherein said second inert gas is 
selected to be different from said ?rst inert gas; and 

exposing said Wafer to said second plasma, Wherein said 
step of exposing said Wafer to said second plasma 
causes deposition of a second layer of silicon dioxide 
substantially ?lling said trenches in said Wafer. 

33. Amethod of ?lling trenches in a substrate comprising: 

creating a ?rst plasma in process chamber, Wherein said 
?rst plasma comprises a silicon precursor gas, an 
oxygen precursor gas and a ?rst inert gas selected from 
the group consisting of helium, neon, argon, and kryp 
ton and combinations thereof; 

depositing a ?rst layer of trench-?lling material into said 
trenches in said substrate; 

purging said process chamber of said ?rst inert gas; 

creating a second plasma in said process chamber, 
Wherein said second plasma comprises a silicon pre 
cursor gas, an oxygen precursor gas and a second inert 
gas selected from the group consisting of helium, neon, 
argon and krypton and combinations thereof; and 

depositing a second lays of trench-?lling material sub 
stantially ?lling said trenches in said substrate. 

34. The method as claimed in claim 33 Wherein said ?rst 
inert gas is selected from the group consisting of helium and 
neon and combinations thereof, and Wherein said second 
inert gas is selected from the group consisting of argon and 
krypton. 

35. The method as claimed in claim 33 Wherein said step 
of purging comprises venting said process chamber. 

36. The method as claimed in claim 33 Wherein said step 
of purging comprises creating an oxygen plasma in said 
process chamber after said deposition of said ?rst layer. 

37. The method as claimed in claim 33 Wherein said step 
of purging comprises terminating said ?rst plasma after said 
deposition of said ?rst layer. 

38. Amethod of ?lling trenches in a substrate comprising: 

placing said substrate in a ?rst process chamber; 
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18 
creating a ?rst plasma in said ?rst process chamber, 

Wherein said ?rst plasma comprises a silicon precursor 
gas, an oxygen precursor gas and a ?rst inert gas 
selected from the group consisting of helium, neon, 
argon, and krypton and combinations thereof; 

depositing a ?rst layer of trench-?lling material into said 
trenches in said substrate; 

placing said substrate in a second process chamber; 

creating a second plasma in said second process chamber, 
Wherein said second plasma comprises a silicon pre 
cursor gas, an oxygen precursor gas and a second inert 

gas selected from the group consisting of helium, neon, 
argon, and krypton and combinations thereof; and 

depositing a second layer of trench-?lling material sub 
stantially ?lling said trenches in said substrate. 

39. The method as claimed in claim 38 Wherein said ?rst 
inert gas is selected from the group consisting of helium and 
neon and combinations thereof; and Wherein said second 
inert gas is selected from the group consisting of argon and 
krypton. 

40. A method of ?lling shalloW trench isolation trenches 
With silicon dioxide comprising: 

providing a semiconductor substrate having shalloW 
trench isolation trenches; 

placing said semiconductor substrate in a process cham 
ber; 

creating a ?rst plasma comprising a silicon precursor gas, 
an oxygen precursor gas and a ?rst inert gas selected 
from the group consisting of helium, neon, argon, and 
krypton and combinations thereof; 

depositing a ?rst silicon dioxide layer in said shalloW 
trench isolation trenches; 

purging said process chamber of said ?rst inert gas; and 

creating a second plasma comprising a silicon precursor 
gas, an oxygen precursor gas and a second inert gas 
selected from the group consisting of helium, neon, 
argon, and krypton and combinations thereof; 

depositing a second silicon dioxide layer substantially 
?lling said shalloW trench isolation trenches, Wherein 
said Wet and second silicon dioxide layers are substan 
tially free of voids. 

41. The method as claimed in claim 40 Wherein said ?rst 
inert gas is selected from the group consisting of helium and 
neon and combinations thereof, and Wherein said second 
inert gas is selected from the group consisting of argon and 
krypton. 

42. The method as claimed in claim 40 Wherein said step 
of purging comprises terminating said ?rst plasma after said 
deposition of said ?rst layer. 

43. The method as claimed in claim 40 Wherein said step 
of purging comprises forming an oxygen plasma in said 
deposition chamber after said deposition of said ?rst layer. 

44. The method as claimed in claim 40 Wherein said step 
of purging comprises venting said ?rst inert gas out of said 
process chamber after said deposition of said ?rst layer. 

* * * * * 
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PATENT NO. : 6,777,308 B2 Page 1 of 10 
DATED : August 17, 2004 
INVENTOR(S) : Li et a1. 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 12 
Lines 23-47, claim 14, 

“14. A methodj'or ?lling a trench in a substrate disposed in a process chamber comprising: 
providing a Semiconductor substrate having at least one trench therein; 
?owing a first precursor as comprising a silicon precursor gas and an oxygen precursor gas and a ?rst inert as 

into said process chamber and forming a ?rst plasma therein, wherein said ?rst inert as is selected from the group 
consisting of helium, neon, argon, and krypton and combinations thereof; 

depositing a ?rst layer of silicon dioxide from said ?rst plasma into said at least one trench; 
purging said process chamber of said ?rst inert gas‘by terminating said ?rst ptasrna after said deposition of said 

?rst layer; 
?owing a second precursor gas comprising a silicon precursor gas and an oxygen precursor gas and a second 

inert gas into said process chamber and forming a second plasma therein, wherein said second inert gas is selected 
from the group consisting of helium, neon. argon, and krypton and combinations thereof; and depositing a second 
layer of silicon dioxide from said second plasma to substantially ?ll said at least on trench." 

should read 

“14. A method for ?lling a trench in a substrate disposed in a process chamber comprising: 
providing a semiconductor substrate having at least one trench therein; 
?owing a ?rst precursor gas comprising a siiicon precursor gas and an oxygen precursor gas and a ?rst inert gas 

into said process chamber and forming a ?rst plasma therein, wherein said ?rst inert gas is selected from the group 
consisting of helium, neon, argon, and krypton and combinations thereof; 

depositing a ?rst layer of silicon dioxide from said ?rst plasma into said at least one trench; 
purging said process chamber ot'said ?rst inert gas by terminating said ?rst plasma a?cr said deposition of said 

?rst layer; 
?owing a second precursor gas comprising a silicon precursor gas and an oxygen precursor gas and a second 

inert gas into said process chamber and forming a second piasma therein, wherein said second inert gas is selected 
from the group consisting of helium, neon, argon, and krypton and combinations thereof; and depositing a second 
layer of silicon dioxide from said second plasma to substantiaily ?ll said at teast one rrench.- 
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CERTIFICATE OF CORRECTION 
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DATED : August 17, 2004 
INVENTOR(S) : Li et al. 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 12, line 53 through Column 13, line 9, 
Claim 16, 

“t6. A method for ?lling a trench in a substrate disposed in a process chamber comprising: 
providing a semiconductor substrate having at lest one trench therein; 
?owing a ?rst precursor as comprising a silicon precursor gas and an oxygen precorsor gas and a ?rst inert gas 

into said process chamber and forming a ?rst plasma therein, wherein said ?rst inert as is selected from the group 
consisting of helium, neon, argon, and krypton and combinations thereof; 

depositing a ?rst layer of silicon dioxide from said ?rst plasma into said at least one trench; 
purging said process chamber of said ?rst inert gas by forming an oxygen plasma in said process chamber a?er 

said deposition of'said ?rst layer; 
?owing a second precursor gas comprising a silicon precursor gas and an oxygen precursor gas an a second inert 

gas into said process chamber and forming a second plasma therein, wherein said second inert gas is selected from 
the group consisting of helium, neon, argon, and krypton and combinations thereof; and 

depositing a second layer of silicon dioxide from said second plasma to substantially ?il said at least one 
trench," 

should read 

“l6. A method for ?lling a trench in a substrate disposed in a process chamber comprising: 
providing a semiconductor substrate having at lest one trench therein; 
?owing a ?rst precursor as comprising a silicon precursor gas and an oxygen precorsor gas and a ?rst inert gas 

into said process chamber and forming a ?rst plasma therein, wherein said ?rst inert as is selected from the group 
consisting of helium, neon, argon, and krypton and combinations thereof; 

depositing a ?rst layer of silicon dioxide from said ?rst plasma into said at least one trench; 
purging said process chamber of said ?rst inert gas by forming an oxygen plasma in said process chamber a?er 

said deposition of'said ?rst layer; 
?owing a second precursor gas comprising a silicon precursor gas and an oxygen precursor gas an a second inert 

gas into said process chamber and forming a second plasma therein, wherein said second inert gas is selected from 
the group consisting of helium, neon, argon, and krypton and combinations thereof; and 

depositing a second layer of silicon dioxide from said second plasma to substantially ?il said at least one 
trench," 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,777,308 B2 Page 3 of 10 
DATED : August 17, 2004 
INVENTOR(S) : Li et al. 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 13 
Lines 15-37, claim 18, 

"l8. A method for ?lling a trench in a substrate disposed in a process chamber comprising: 
providing a semiconductor substrate having at least one trench therein; 
?owing a ?rst precursor gas comprising a silicon precursor gas and an oxygen precursor gas and a fu'st inert gas 

into said process chamber and forming a ?rst plasma therein, wherein said ?rst inert as is selected from the group 
consisting of‘ helium, neon, argon, and krypton and combinations thereof‘; 

depositing a ?rst layer of silicon dioxide from said ?rst plasma into said at least one trench‘, 
purging said process chamber of said ?rst inert gas by venting said ?rst inert gas out of said process chamber; 
?owing a second precursor gas comprising a silicon precursor gas and an oxygen precursor gas and a second 

inert into said process chamber and forming asecond plasma therein, wherein said second inert gas is selected from 
the group consisting of helium, neon, argon, and ltrypton and combinations thereof; and 

depositing a second lay of silicon dioxide from said second plasma to substantially ?ll said at least on trench." 

should read 
~18. A method for ?lling a trench in a substrate disposed in a process chamber comprising, 
providing a semiconductor substrate having at least one trench therein; 
?owing a ?rst precursor gas comprising a silicon precursor gas and an oxygen precursor gas and a ?rst inert gas 

into said process chamber and forming a ?rst plasma therein, wherein said ?rst inert gas is selected from the group 
consisting of helium, neon, argon, and krypton and combinations thereof; 

depositing a ?rst layer of silicon dioxide from said ?rst plasma into said at least one trench; 
purging said process chamber of said ?rst inert gas by venting said ?rst inert gas out of said process chamber; 
?owing a second precursor gas comprising a silicon precursor gas and an oxygen precursor gas and a second 

inert into said process chamber and forming a second plasma therein, wherein said second inert gas is selected from 
the group consisting of helium, neon, argon, and krypton and combinations thereof; and 

depositing a second lay of silicon dioxide from said second plasma to substantially ?ll said at least 

one trench- 

Lines 43-67, claim 20, 
"20. A method for ?lm a trench in a substrate comprising: 
providing a semiconductor substrate having at least one trench therein; 
placing said semiconductor substrate in a ?rst process chamber; 
flowing a ?rst precursor gas comprising a silicon precursor gas and an oxygen precursor gas and a ?rst inert gas 

into said ?rst process chamber and forming a ?rst plasma therein, wherein said ?rst inert gas is selected from the 
group consisting of helium, neon, argon, and krypton and combinations thereof; 

depositing a ?rst layer of silicon dioxide from said ?rst plasma into said at least one trench; 
placing said semiconductor substrate in a second process chambe; 

?owing a second precursor gas comprising a silicon precursor gas and an oxygen precursor gas and a second 
inert gas into said second process chamber and forming a second piasrna therein, wherein said second inert gas 
comprises helium, neon, argon, and krypton and combinations thereof; and 

depositing a second layer of silicon dioxide from said second plasma to substantially ?ll said at least on trench." 

should read 
—20. A method for ?lling a trench in a substrate comprising: 
providing a semiconductor substrate having at least one trench therein; 
placing said semiconductor substrate in a ?rst process chamber; 
?owing a first precursor gas comprising a silicon precursor gas and an oxygen precursor gas and a ?rst inert gas 

into said ?rst process chamber and i'on-ning a ?rst plasma therein, wherein said ?rst inert gas is selected him the 
group consisting of helium, neon, argon, and krypton and combinations thereof; 

depositing a ?rst layer ol'silicon dioxide from said first plasma into said at least one trench; 
placing said semiconductor substrate in a second process chamber; 

flowing a second precursor gas comprising a silicon precursor gas and an oxygen precursor gas and a second 
inert gas into said second process chamber and Forming a second plasma therein, wherein said second inert gas 
comprises helium, neon, argon, and krypton and combinations thereof,- and _ _ _ 

depositing a second layer of silicon dioxide from said second plasma to substantially ?ll said at least one 
trench.» 



UNITED STATES PATENT AND TRADEMARK OFFICE 

CERTIFICATE OF CORRECTION 

PATENT NO. : 6,777,308 B2 Page 4 of 10 
DATED : August 17, 2004 
INVENTOR(S) : Li et al. 

It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 14, line 43 through Column 15, line 9, 
Claim 24, 

“24. A method for ?lling a trench in a substrate disposed in a process chamber comprising: 
providing a semiconductor substrate having at least one trench therein; 
?owing a ?rst precursor gascomprisjng silaneand molecular oxygen and _a first inert gas selected from the 

group consisting of helium and neon and combinations thereof into said process chamber, wherein said silane is 
flowed into said process chamber at s ?ow rate of about 1-150 scorn, said moiecuiar oxygen is flowed into said 
process chamber at a ?ow rate of about 10-300 sccm and said first inert gas is ?owed into said chamber at a flow 
rate about l-2000 sccm; 

forming a ?rst plasma in said process chamber; 
depositing a first tayer of S102 from said first plasma into said at least one trench; 
purging said ?rst inert gas from said process chamber by forming an oxygen plasma in said process chamber 

a?er said deposition of said ?rst layer; 
?owing a second precursor gas comprising silane and molecular oxygen and a second inert gas selected from a 

group consisting of argon and krypton and combinations thereof into said process chamber, wherein said siiane is 
flowed into said process chamber at a ?ow rate of about I- 1 $0 sccm, said molecular oxygen is ?owed into said 
process chamber at a flow rate of about 10-300 sccm and said second inert gas is flowed into said chamber at a ?ow 
rate of about 1-2000 sccm; 

fanning a second plasma in said process chamber; and 
depositing a second iayer of siticon dioxide from said second plasma to substantially ?ll said at least on trench." 

should read 
--24. A method for ?liing a trench in a substrate disposed in a process chamber comprising: 
providing a semiconductor substrate having at least one trench therein; 
?owing a ?rst precursor gas comprising silane and molecular oxygen and a ?rst inert gas selected from the 

group consisting ot'hetium and neon and combinations thereof into said process chamber, wherein said sitane is 
?owed into said process chamber at a ?ow rate of about 1-150 scorn, said molecular oxygen is ?owed into said 
process cbamberat a ?ow rate of about 10-300 sccm and said first inert gas is‘flowed into said chamber at a flow 

rate about 1-2000 seem; 
forming a first plasma in said process chamber; 
depositing-a first layer of SiO; from said ?rst plasma into said at least one trench; 
purging said first inert gas from said process chamber by forming an oxygen plasma in said process chamber 

a?er said deposition of said first layer; 
?owmga second precursor gas comprising silane and molecular oxygen and a second inert gas selected from the 

group consisting of argon and krypton and combinations thereof into said process chamber, wherein said silane is 
?owed into said process chamber at a ?ow rate of about 1-150 sccrn, said moiecuiar oxygen is ?owed into said 
process chamber at a flow rate of about 10-300 scent and said second inert gas is flowed into said chamber at a ?ow 
rate of about 1-2000 sccm; 

forming a second plasma in said process chamber; and 
depositing a second layer of silicon dioxide from said second plasma to substantially ?ll said at least one 

trenc .-' 

Column 15 
Lines 9-12, claim 25, 

“25. The method as claimed in claim 24 wherein said ?rst inert gas is ?owed into said chamber at a rate of it out 
200 sccm and said second inert gas is flowed into said chamber at a rate of about 200 stem." 

should read 

--25. The method as claimed in claim 24 wherein said ?rst inert gas is ?owed into said chamber at t rate of 
about 200 seen and said second inert gas is ?owed into said chamber at a rate of about 200 stem.» 
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Column 15 
Lines 13-45, claim 26, 

“26. A method for ?lling a trench a substrate disposed in a process chamber comprising: 
providing a semiconductor substrate having at least one trench therein; 
?owing a ?rst precursor gas comprising silent: and oxygen and a ?rst inert gas selected from the group 

consisting of helium and neon and combinations thereof into said process chamber, wherein said silane is ?owed 
into said process chamber at a flow rate of about l-lSO sccm, said oxygen is flowed into said process chamber at l 
flow rate of about 10-300 sccm and said first inert gas is ?owed into said chamber at a ?ow rats of about 1-2000 
sccm; 

forming a ?rst plasma in said process chamber; 
depositing a ?rst layer of silicon dioxide from said first plasma into said at least one trench; 
purging said ?rst inert gas from said process chamber by venting said ?rst inert gas from said process chamber 

a?er said deposition of said ?rst layer; 
?owing a second precursor gas comprising silanc and molecular oxygen and a second inert gas consisting of 

argon and krypton and combinations thereof into said second process chamber, wherein said silane is ?owed into 
said process chamber at a flow rate of about 1-150 sccm, said molecular oxygen is flowed into said process chamber 
at a flow rate of about l0-300 room and said second inert gas is ?owed into said chamber at a flow rate of about I 
2000 sccm; 

forming a second plasma in said second process chamber; and 
depositing a second lay of silicon dioxide from said second plasma to substantially ?ll said at least on trench." 

should read 
--26. A method for ?lling a trench a substrate disposed in a process chamber comprising: 
providing a semiconductor substrate'havi‘ng at‘least one trench therein; ' ‘ ‘ 

?owing a ?rst precursor gas comprising silane and oxygen and a ?rst inert gas selected from the group 
consisting of helium and neon and combinations thereof into said process chamber, wherein said silane is flowed 
into said process chamber at a flow rate of about ]- l 50 acorn, said oxygen is flowed into said process chamber at a 
?ow rate of about 10-300 sccm and said ?rst inert gas is flowed into said chamber at a How rate of about 1-2000 
sccm; 

forming a ?rst plasma in said process chamber". 
depositing a first layer of silicon dioxide from said first plasma into said at least one trench; _ 
purging said ?rst inert gas from said process chamber by venting said ?rst-inert gas from said process chamber ‘ 

after said deposition of said ?rst layer; 
?owing a second precursor gas comprising silane and molecular oxygen and a second inert gas consisting of 

argon and krypton and combinations thereof into said second process chamber, wherein said silane is ?owed into 
said process chamber at a ?ow rate of about l-lSO seem, said molecular oxygen is flowed into said process chamber 
at a ?ow rare of about 10300 seem and said second inert gas is ?owed into said chamber at a ?ow rate of about 1 
2000 sccm; 

forming a second plasma in said second process chamber; and 
depositing a second layer of silicon dioxide from said second plasma to substantialiy ?ll said at least one 

trench.» 
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It is certified that error appears in the above-identi?ed patent and that said Letters Patent is 
hereby corrected as shown below: 

Column 15, line 50 through Column 16, line 16, 
Claim 28, 

“2B. A method for ?lling a trench in a substrate comprising: 
providing a semiconductor substrate having at least one trench therein; 
piacing said semiconductor substrate in a ?rst process chamber, 
?owing a ?rst precursor gas comprising silane and molecular oxygen and a first inert gas selected from the 

group consisting of helium and neon end combinations thereof into said ?rst process chamber, wherein said silane is 
?owed into said process chamber at a ?ow rate of about I- l 50 seem, said molecular oxygen is ?owed into said 
process chamber at a flow rate of about 10-300 seem and said ?rst inert gas is ?owed into said chamber at a flow 
rate of about 1-2000 scorn; 

forming a ?rst piasma in said first process chamber, 
depositing a ?rst layer of silicon dioxide from mid ?rst plasma into said at least one trench; 
placing said semiconductor subslratein asecond process chamber; ' ' " 

?owing a second precursor gas comprising silane and molecular oxygen and a second inert gas consisting of 
argon and krypton and combinations thereof into said second process chamber, wherein said silane is ?owed into 
said process chamber at a flow rate of about l-l50 seem, said molecular oxygen is ?owed into said process chamber 
at a flow rate of about l0-300 seem and said second inert gas is flowed into said chamber at a ?ow rate of about 1 
2000 scam; 
forming a second plasma in said second process chamber; and 
depositing a second layer of silicon dioxide from said second plasma to substantially ?ll said at least on French.“ 

should read 
-28l A method for ?lling a trench in a substrate comprising: 
providing a semiconductor substrate having at least one trench therein; 
placing said semiconductor substrate in a ?rst process chamber; 
?owing a ?rst precursor gas comprising silane and molecular oxygen and a ?rst inert gas selected from the group 

consisting of helium and neon end combinations thereof into said ?rst process chamber, wherein said silane is 
flowed into said process chamber at a flow rate of about 1-150 seem, said molecular oxygen is ?owed into said 
process chamber at a flow rate of about l0-30O seem and said first inert gas is ?owed into said eharnberat a ?ow 
rate of about 1-2000 seem; 

fomting a first plasma in said ?rst process chamber; - 
depositing a first layer of silicon dioxide from said ?rst plasma into said at least one trench; 
placing said semiconductor substrate in a second process chamber; 
?owing a second precursor gas comprising silane and molecular oxygen and a second inert gas consisting of 

argon and krypton and combinations thereof into said second process chamber, wherein said silane is flowed into 
said process chamber at a ?ow rate of about 1-150 seem, said molecular oxygen is flowed into said process chamber 
at a ?ow rate of about 10-300 sccm and said second inert gas is ?owed into said chamber at a flow rate of about 1 
2000 seem; 

forming a second plasma in said second process chamber, and 
depositing a second iayer of silicon dioxide From said second plasma to substantially ?tl said at least one 

trench- 














